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AEPARATUS AND METHOD FOR THE SELECTIVE ASSEMBLY OFPROTEIN 
TechiriGalFAfiid 

5 This znv^jrtioa relates to a method and apfpaiHtus for tiie selective assembly of ptotem. 



There is cwrailly ocmsidexable jntemt in the development of pzwesses and appaiatxis to 
10 eofible the mami&ctais of protein Tbese aie nseftal in 

(heir owttilg^ JBbr IfaemBinifiiotnre, fiar exazxxple. of sutures, threads, cords, ropes, wound or 
WDven materials. Th^ can also be incotpoiated into a maCrix wili or witibout otiwr filler 
particles to i»:cdiice toa^ and zesilieaait composite materials. Sheets wteQicr fimned flom 
fibres oriibbom caabestuck togedifir to fomi toash laminated cozxpoaitea. 

15 

Natural Billoi are line^ lu&fxoiui filameiitB pioducedby flie sitk-woim Bombyx mori and other 
invertebrai^gpTOfes. They offer advantages compaisd wItLlho ^fhette poi^^ 
used &r the manii&obue of ma.te(rids. Hie teosilB streogdi and ton^ess of the dragUae silks 
of certain spidera oan eroeed that of Kevlar, flie tou^eat and strongest man-^znade fibre. 
20 Spider dragUne silks also possess high Ibecmal stabllHy. Many silks are also biodegradable 
and do not persist in the environment They are xeoyclable and are ptoduocdby ahighly 
efBdent low pressure and low tcmpciatare process using only water as a solvent. The natural 
fipnining process is remittkable in that an a<iueoii5 solution of protean is ^averted into a tou^ 
and hi^y insoluble materiaL 

25 

According to an article by L Magoshi, Magoshi, m, A. Becker and S. Nakamura entitled 
"Biospinning (Silk Fiber Fonnafion, Multiple Spinning Mechanisms) 11 published in 
PolymBrio Materials Encyclopedia, hy the CSienucal Rubber Company, it is reported that 
natoral silks are produced by sophisticated spixming tBchniqucs which could not, at the date of 
30 wzitiug, be duplicated by man-made spinning technologies. 



Subsequtolly a PCT Patent Application no. Wa-A-01/386 1 4 (Vollrath & Knight) reported an 
apparatus and mcAod ibr fanning aliquid spiomng solution into a solid formed product, such 
©sa fibre. Thasohitionis passed tfaron^atleastonetubnlarpassagehavmg walla form^ 
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least partly of s^nipemieable md/or potoiis xnaterlaL The sezni pernxeable and/or porous 
xnatedal allows parameterB, sach as the concentration of hydrogen ions, ^water, salts and low 
molecular weight, of liquid spimung soluliaii to be altered as (he spinning solntion passes 
fl]irou£h the tubular passage* The inventors reported that Ms apparatus was suitabLe for the 
S formation of fibres or shee^ from aU solutions of lyotropic liquid crystal polymeis whether 
BjmfhetLc or jnan-made or natural or modified or oo-polyixier mixtures sobiiiaiis of 
recumbinant proteins or analogues derived fiom tibem or mixtures of these. These iacluded 
spidroins, fibroins and recomfainant protein analogues based on spidroins or fibroins. 

10 The inventors of the PCT Application report that chemical treatment of the liquid spitming 
sohidoxL may occm- in ihe tubular passa^ M one example^ a compartment cuiaide of the 
faibular ima^^ and fi^aiafsd from the tubular passage by fhe wall made of semipermeable 
and/orpozoos material inctudes lOQmMtlrisorFIFSSbuffersoluliDnatapHof 6J and 
2S0d]M potassium dUoride. This lastconqyound is docsfbed as encouxaging the 

15 uofblding/^rafbldinig of die protein. However^ this PCT patent application, gives no xodioBtion 
of hOTir this mi^ Tasgpen nor how ffais c»n aid intiie^foimadoii of filaments, fibres, ribbons or 
sheets. 

The same aoftors report in an article Xiquld Crystalline spinning of spider silkf'. Nature, vo] 
20 410, 29 Maich pages 541-548, that at least one spdsT silk protehi fionily encodes fiiar 
polypeptides that coniain a variable number of both crystalline pdy-alanine domams as well 
as Iras-ciystalUde glydns rioh domains. The authors report that alfliou^ there is consensus 
that silk contains oiystalUne and non-crystalline region?, the structure of the glycine regions is 
imperfectly understood. 

23 

It is the inventor of the current application who first appreciated tiie role that glycine might 
have in the foldin^unfoldmg or selective assembly of piotehis. 

Summary of the Invention 

30 

It is an object of the p]>esent invention to provide en improved method for the selective 
assembly of piutems. 
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These and other ol^eeis oftfae iov^gotion are solved by a method in Ts*ioh a partial iffotein 
sequancd --QYG is in^ffctoi into a ptoteia sequence, this proteia sequence forms a loop 
ttractaio in its native state. Subsequfiii%»ni<jtaIiOT8 are added to tlieieby&nn lie a^^ 
Pteferddy ^ metal Iodb are lidinan, sodium, pofassiikm. TWd>gn«A.T» and/or cakiom ians. 

5 ThasBin^tBte are eaaay available aiKiccraiparat^ 

Bdectlve assemhb' is best aohleved v/bsaHw fbst partial segaencB -QYQw is in an BU-fiaiidte 
oottfeiTOHtion. TlwmelJiodiaa be used for ifae selective assembbrofaiihroM 
as fihsoin, ^idroin and/'or fibtonectiii. la. ane aqiect of the inveofioiis fbo Sat partial 
seqroiioeisamemberofaseiymd partial sequencc-GGY^^ Lianotfaeraitpectofdie 

10 inventioiia. one oftlwfijydne molecules in tli© second 
widi anoifaar am&o acdd. 



The oba'eptB of Hie invewtion are also aolved by m »p p»ra*>itt 

IS Brief deaci^tioit of ttwdxwivingB 

Figure 1 is a genflralised schematio representation ofapparatus fbr lbs fittmation of eocttaded 
matetialfi fiom a Bpinmng salution. 

20 Figure 2 is a Bdwrnatic cross-sectional view aloi^e Ae Itn^sitadiaal axis of a die a&Bemb^ of 
liie appaiatns shown inPigiue 1. . 

Figure 3 is a schematic perspeotive view of the die assembly shown in Figure 2. 
25 Detailed Desori^on of the Invention 

The discoveiy of flio way in wiiioh spiders prodace dragline sUk provides the basis fbr the 
itinmition. It has been finmd Ifaat by makmg Hie walls of a tubular passage at least parfly 
ptonaBble or poroos, prrtfacably deotively permBaUe along lie leogth of the tubular passage, 
30 which is preferably tapered, it is possible to control xroperties such as the pH. water content, 
iomo composition and shpar r^xaa of a spimnx^ sohition in dKfEBtmt regions of the tubular 
passage of a die. Ideally this eooablm die phase diagram of die spiimmg solution to be 
controlled allowiqg£)rpre-aiieaatBtion of thefibrB-fonningmoleouIes fbllowedfay a ahear- 
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. induced phase sepaiaticn and alloiivjzig the fonnation of insoluble fibres containmg well- 
orientated fibre-romiiiig; molecules. 

Convdmently the walls defining fhe tubular passage are surrounded by said enclosure means 
5 to provide one or mo(re compartments. These compartmenis act as jackets around the tabular 
passage. The tabnilar pa&sagQ ^oSxebly has an inlet at one end to receive the spinning solution 
and an ouUet attiie ofh^lbr fhe fonned or €9draded material and is ^rpically divided fnto 
ifaTeex>arts arranged comecntively> the first part allowing fbrtiie pre-treatment andpce- 
orientatian of the fibie-fixnniiis polymer molwol^ in the liquid fisedstock prior to foTRiing 
10 the xnaterial by draw dowi^ fb& second region m "tloead'* takes place 

and which fimotions as a treatment and coating bafh, and the third part ha& an oudet or 
opening of restricted ctoaa-section ^rriiidi serves to prevent the loss of fte coatents of the 
"heaUiient ba:dt" withfhe emerging fifarB and to provide ^br the conuniencenient of an optionfll 
air drawing stage. 

15 

It will be a|>preciatQd tlk&t any solution or solvral or othier phase or phases surrounding the 
fibre in the second part of the or each tubular passage also serves to hibrlcate the fitee as it 
moves tbiougfa and out of Uie tubular passage, 

20 AU or part of the length of each tubular passage ^Ically has a convergent gjeometry typieally 
with the diameter decreasing in. a substantially hypeibolic fashion. According to G. Y. Chen, 
J.A. Cuculo and P. A. Tucker in an ardole entitled "CSiaxacteristb and Design Procedure of 
Hyperbolic Dies" mtte Journal of Polymer Sciences: Part B: Polymer Physics, Vol 30, S57- 
561 in 1992, it la leported^at d^e orientation of molecules in a fibre can be improved by 

25 using a die with a convergent hyperboUo ^omeby instead of the more usual parallel capiUary 
or conical dies. 

The geometry of gUbst^ntially all or part of each tubular passage may be varied to optimise 
tiie rate of elongational :flow in the spizming solution and to vary the cross- sectional shape of 
30 the fonned material produced from it The preferred substantially hyperbolic taper £br part or 
all of the or each tubular passage maintains a slow and substsntially constant elongatlonal 
flow rate thus preventing unwanted disorientation of the fibre-rSnming molecules resultiflg 
from variation in the elongational flow rate or fiom premature faimation of insoluble material 
befi^re the spipning solution has been appropriately preonented A convergent taper to the 



Page 4/18 



16/08 2003 FEI 17:08 FAX +44 1423 8dOS03 WHITB m ABSOCIATES UKPTO ©008/0^3 



( 



10 



15 



30 



ne£NQ.Sn03A)OS 

AftpUeaoKSpiainLd l5A1igiat2>03 

tubular passage of the <lie win induce dongational flow wMch wiU tend to induce a 
s^bBtMitially aadaJignmsaitinthefilH^ short fibres orfaierpattideB 

comainBd in the spinning solution by expUriting lie well knowi principle of dongational flow. 

Alternatively, liieprinoipis of elongalinnfllflowffaiwgh a divergent instead of convergent die 
can be used to induce orientation in tiie Iwop direction that is approximately tiansverfie to the 
loogitiidinal axis of the esdruded material 

Ilie dlanieiw of tl» tia«dBrpass^ nuv be varied to produ« i^ 



llieriieologyoftliespinmnBsofctiDninthetubiito 

of scale, enaUing tfie size of the die to be sealed iq> or down. The conveise&ee of fte tubular 
passase allows a wide range of drawing xales to be used tjipicaibr XBiygingfiom 0.01 to 1000 
Jim sec-^ If fibres are being eactriKled fiiey nwy ^io^ 
J«n. Typically the oufletoftotabularpassage has a diaaieteroffioml to 1^^ 
.• <»iaiMterofth6iiiIetofthetiibularpa8sagebeingfi^ 

Uie wtensional flow it is desired to produoe. TidiulBr passages wiHi a dnailar ei»ss.«eBiion 
are used to produce fibres with droolar cross sectkms. Tabular passages of altenmtiva cdoss- 
sectional shapes can be used to produce fibres, flat ribbons or dieets of extruded niateriala 
20 with, other, cioss-seotiofiai nlm pff ff. 

As mfinHoned previously, all or part or parts ofthe walls ofUie tubular passage oflbe die are 
constructed fixMn or formed ormoulded fiom sefcctivBly permeable and/or porous material, 
such as ceUulose afletate-based membrane sheets. The membrane can be substituted wifli 
25 diethylaminoethyl or carboxyl or caiboxymethyl groups to help maintain the protein 

containing spinning sdutitma m a state suhablo for spinning. Oflicr examples of permeable 
and/or porous material for use mthe walls include hollow fibre membranes, sudi as hollow 
fibres constructed from polysuUbne, polyethyleneoxide-polysulfone blends, silicone or 
polyaoiylowtrile. The exclusion limit selected fextfae semipemieable membrane wiU depend 
on flie sise ollhe small moleoular weight cxrastitneBte of the spinning solution but is typically 
less than 12 kDa. 

AD Of part of flie walla of tiie tabular passage can be consfrncted fiom the selectively 
prameable andferpotou8nat8tlaLin.Qinniibero£dT£iferBntwaya. By wayof eKampleonly, a 
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selfiotiveiy peameable aod/or porous sheet can be held in place ov« a groove with, suitable 
geometry cot into a pjeoe of material to fbnnlhe tubular passage. Alternatively two sheets of 
selectively permeable and/or porous material cant he beld in place on either side of a sc^aratco' 
fo construct the tabular parage. Alternatively a single sheet can be bent tonnd to form a 
3 tubular passage. A hollow tube of selectively permeable and/or porous material can also be 
used to oonstmctall orpart of the tubulBr i>assage. A variety of mefhods axe available to 
the tabe into a die as is oommnnTy knovm te a crafisman skiOed in the aiL 

The use of sdectively penneabte and/or poioua walls of substantially all or pait (»r parts of the 
10 tubular passage ensiblesihe proper control Tv^^ 

ooncentmlion of fibre-jfoxming material; aolnte composition; lomo compositLon; pH; dielectric 
properties; osmotic potsntUd and oflu^pliysioo chemical laqperfies of the apinniiig solution 
within the tubular passage fay sppiying fhe vell-knorwn principles of dialysis, reverse dialysis, 
vltraSliration and preevaporaiion* 

15 

ElectrQ-Hj^smoais can also be iised to control the composition of f^^ 
ttietubularpassage. Itmllhbi^iprBpteiedChataoontcolmech 

to Ihe pcoduct bemg Sycm^ for exanq>le the diameter of the extruded product and/or flie 
lesiatanpe countered in tbe tubular passage^ snc&asdmiqgeidznsiontfacon^flieouflt^ 
20 tubular passage^ can be used to control, &r example, polym^ concentration, solute 

oomppsitioiii ionio composition, pH, dieledxic properties, osmotic potential and/or other 
pibyaicocliemical properti^ of <h9 spiiming solution witfaihi the tubular passage. 

The selective permeability and/or porosity of the walls of the tubular passage may also allow 
25 &T the difii^iQn through Ihe walla of further substances intD the tubular passage provided that 
these have a molecule weight lower than the exclusion limit of the selectively pcimcablc 
material firom which the walls of the tubular passage are constructed. By way of example only 
the additional substances added to the spiiming solution in this tnadtmer may include 
swfactants; dopants; coating agents; cross-linking agents; hardeners; and pla&tici&ei^. Larger 
30 sized aggregates can be passed through Que walls of the tubular passage if it is porous rather 
than being simply semipermeable. 
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The eompattiiKnitB surtoundiag tiie walls of liw toibiilar passage may act as one or mote 
treatment zones or baOis for oondi&aims ihe £a>iB as it passes through the tubular passage(s). 
Additional trpatment can occur after Hie matena] has exited flie outlet of the tabular passage. 



5 One or more regions of the or each tubular passage may be suMOimded ty one or more 
compartnifiots aaMnged oonseoutivdy so as to act as a j 

solvent, gpaor vjqjowin contact with the outer sucfece of the selectively pemuahle walls of 
HiB tubular passage. T^ypJeally sotution, solvent gas or -wapour is cbxndated Hmsngh the 
oompartmeiitorcoiiipBrtmBnts. Tlie walls offliecempmtinent or compartnientBaie sealed to 
10 thBoutergujfeoeoflhewallsofthBtnbuiarpaasagelynieflJOdsflifftw^ 

person skined m Uus art. The campartment or oompaitmeofB serve to conbol fbe shemioal and 
physical conditions wifiiin the tubular passage. Thus the oompaitDients somnmdfaig the 
tubular passage serve in define Hib coneot prooessmg conditions within the dope at auy point 

along the tnhnlay pBBSBgB. 



IS 



20 



In this way parameters such as l3io tcnapcxature; Iqnhostaiic pressote; cancentnoion of f&re- 
fenjiing mstetial; pH; sohxtei ionic composmon; dielectric constant; osmolality or other 
physical or ohanical parameter oaabe controUed in difierent regions of Ihe hibular passage as 
flie spIiuiMe solution moves down the lengfii of Sie die. By way of example only, 
continiioiifily graded or stepped ohangea tntbeiODeesstng caiviiDmnentCTn be obtained. 



Conveauenliy a selectively penneable /porons membrane can he used to tteat one aide of a 
forming extrusion in a ditfercnt Way to the other side. This can be used, for example, to coat 
foe extrusion or remove solvent from it aqamnetrically in such a way fliat the extrusiott can 
25 be made to curl or twist. 

All orpart of the dmw down prtioess may typically occur wifliin the die. The die can be used 
for fonning fibres fiom spinning soliitiona contaimng Bolutions of proteins or analogues or 
reoomWdant proteina or analogues or nuxtores or such proteins or protein analogues. The 
30 protehM used as the spinning sohition have a partial sequence or motif -GYG- incorporated 
wtofoopolypqrtideslTucture. In the native state, foisfonns a loop structure, in-another 
aspect of foe invention foe protems used as th© spinning solution have a second partial 
sequence -<iaYGG- in which one of foe glycine molecules may be - but is not neceseaiily - 
re5>lacsd.by anotfaetandno aoid. Wien these spuming sohnions arensed it is nccesBary to 
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Store the spinning sohitiQiL at apEr value above orbdow &e isoelectric point of the protem to 
prevent th? premstuie fbzmadon of insoluble ihatoriaL It win be appxeci^d fhat otber 
oonstftuents luay be added to the spinning solntioii to keep tbe ptoteins or protefn analogues 

in solution. TliBSB constituents may tbexi be ressoved thzoagb fibe semipenneable and/or 

5 porous woQs whea the spiimizig solution has leached the appropriate pordca of &e tubuter 
passage in whidi it is desired to induce (he transition fiom a liquid spfnning solutLou to solid 
product^ e.g. thread or fibre. The spfamfaig so iuiion -within &e tubular passage is brought hy 
dialysifl qgainst an appnjprisie sobrtion co(ntalziing metal ions. The solution oontaining metal 
ions could be a soliTtiQii ^vith alkali metal ions (e-g. lithium orpotassium), allcaline earth metal 
10 ion8(e.e^s9agn$siumoroalcnmL)orti»nsitIa&metBl^ Tbe^ 
xnetal ion containing solutions ace &und to promote tbe lhanation fibres. 

The draw rate and lengtib, wall HiioknesSt geometry and, iK^lerial composition of the tubular 
passage may be vazied along its length to provide difiGaeait retm^tiontbieB and treatment 
IS conditions to optimise the process. 

One or more reg^kms of the walk defining the tubular passagiec . 
Goatb£ 'Biciir inner or qvX^ sur&ces with a suitable nmlBirial to modify the internal 
enviromnent in a leogtih of the tubular passage usmg any coating method as will be 
20 understood by a person skilled in the art. . 



The inner surface of the walls of the tubular passage can be coated with suitable materials to 
rednce 'ftie jSriction between the walls of the tubular passage and the spinning solution or fibre. 

25 The extnision apparatus with tiie tubular passages sunounded by a compartment or 

compartments to act as jackets can be constructed by one or two stage moulding or othear 
methods known to a person skilled in the art It will be appreciated that a moulding process 
can be used to create simple or complete profiles for the tubular passage and the outlet of the 
die. Vciy small flexible lips can be formed^ eig, moulded, st the outlet to prevent the escape 

30 of die contsents of the treatment bath and act as a rcstdotion to enable an optioQal additional 
air drawing stage or wet drawing afier the matedal has left the outlet of the die should fids be 
required. The microscopic profile of the inner sor&oe of the lips at the outlet oan be used to 
modify the texture of the sur&ce coating of the extruded materiaL 
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By of cxan5)l© only, the jBokels and BiQportB for ftetiilnilHr passages can be eonstaucted 
fiom two or more oun^aaaata finmed by ii^ection numlding or constnieted in oilier 
wiU be undensiDod by a person skiUed ia the ans. It wfll be appreoated that iMs inefliod of 
<StinstiiKrtio« is inodidar and that a nraiber of BU^ 

piodocefiJimiltaneoiislya niwaber of fibres or other shaped piodiiots. Sheet motedala can be 
piodsced by a row or rows of audi modules. Such anodular ammgement allows fbr die use 
of mamiblds to simply aphmins sohttkm to mlot of the Inbnlar paasageCa) and to sqpply 
and remove Ettocessmg mUmta, aolutionu, gases or vapouta to and fiom ^ jatdcet or Jaotets 
sumiimding 4e tubiOar pBSBBges. Additicaid 
modifications to the anangemenls ShwTO wm be <q)pa^ 



10 



Other meihods of oonstrncting attnidan qjpazatas in which die vnSh of the tubularpassages 
are eubstantially orpartially oonstnicted fiom semipeimeable and/or potous material or 
mateaalswm be known byapeisDiiskinedmfhc art. By way of example onbrtou^ 
15 micro.machiIli^gtocJmilues. In addition it wffl be i^jpreciated that waUa of fte tifl»dar 
passage sobstantiaUy orpartially constnwted fiom scmipemieable/pQmBS material can be 
incanxjiatBd iiito oihwiypes of extrusion 

The tabular passage m^ be made s^-statting and self-olBaning. 
20 ItTsdUbe appreoiatod that blockage of fipmmngdiBs duringthe commereial production of 

«artroded materials ia time-consmmng and oosay. To overcome this difficulty, the walls of the 
tubular passage m^y be oonslmoled fiom an elastic material sealed into and surrounded by 
two or moie JaoketB aimqged in sequmoe. The piessure in each of these jackets can be varied 
indqKMdenibr by meihods tiiat will be understood by a person skiUed in Hie art. Pressure 
23 changes hi the jackets oan be used to change the diameter of dif&rant reeions of the tubular 
passage m a manner analogous to » peristaltie pomp to pump the spimiing solution to fte 
outletto commenoe the drawing of fibres or to dear a blockage. Thus a decrease inpressuie 
ma Jacket towaids the outlet end of the tiibularpasaage will dilate the elastic waHs of the 
tubular passage within fiie jacket ]tf thepressuze is nowrmsed in a second jacket closer to the 
input end of the tubular passage a region of the walte of the tubular passage running ihrou^ 
this jacket wiU tend to collie fimHng the q»faming sohifion towards the outlet Alteraatively, 
the pressute in the qptmiiog solution fed to the tubular passage could be inoreased eausm^ the 
diameSBroftbedasttc tubular passage walls to increase. It witi be appreciated that both 
mefliods could be used together or oonseautively. Wilh.bolh meihods the elasticity of flie 



30 
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passage walls enables the diameter of (he tabular passage to be increased redaoing the 
resistance to Sow. Witibi botili tnefiiods it is to be noted that increasmg the pressure of the 
spinning sohrtioii will also asrast in start iqp and la clearing blockages in fixe tabular passage. It 
will also bo s^redated by way of exatople only lhat the nse of toUera such as are used in < 
pedstaltie punqps can be used as aa aitemaizve means of applying pressure to pump dope to 
tha outlet to concuneDce spinning or to clear a blockage. 

The pressure in ihe sealed coTrrpprtments surrounding the tubular passage may be eontrolled 
to define and modify fbe geometry of the tabular passage to optimise spinning conditions. 



If the tubular passa^ has a convergeni or divetgeiit geometry aHong all or part of its lengthy 
SUer paxtioles or short fibres incfaided ixi Ibe dope may be orieniated aa ftey flow through Itae 
tabular passage by essplQiting flie well understood principle of elongatiojial flow. It wiU be 
undBE9lQQd lhat flie substantially axial orieintBtion of such jSUaparticIes ot fihoit Sbres wiU be 
15 produced by a convergent tubular pass^ while a divergmt ocne wiU pix>duGe orieoCation in 
the hoop diiepiipn tJiat is ipproximately transverse to Ibe long sTcis of ttio cxtEuded mfttftrffti 

Both patteftis of orienftatLon confer additional useful pcoperties cm die fibre. It will be 
appiwi^lied that a oonveigeat or divergent geometiy of all or part of the tubular passage will . 

20 also serve to elongate and orientate small fluid droplets of an ^^iriTtfnms,^ solvent or solutibn or 
other phase or phases or additional unpolymerised polymer or polymers preseot in the - ^ 
s pinning solution as supplied to the tubular passage or arising by a process of phase 
separation within the Spiimizig solution. The presence of elongated and well arientated narrow 
inclusions formed by eil3ier a convergent or divergent tabular passage can be used to conto 

25 additional useful pnsperties to the extruded matcxial. 

It will ba appreciated that the direct drawing down of a fibre or other formed product from 
Hquid spinning sohitian within a region of the tubular passage greatly improves the molecular 
orieatation in the final material avoiding Ihe disorientation produced by die swell pixsdnced hy 
30 other methods of fbiming the final material. It also greatly reduces the pressure required to 
form material oonipared with the extiusian of fibre fiom a t^ftTwrgntirmal TgghncrinTi Hift- 

Figure 1 diows appaxatos fi>r the fi^ixnation of &ctruded materials from a simrmng solution 
(also called a dope) such as a protein polymer or polymer mixtures. The apparatus comprises 

Page 10/18 



16/08 2003 PRI 17 til PAX +44 1428 S50803 WHIXB AHD ASSOCIATES OKPTO 0014/023 



Ilc£Mo.SFI03/00S 

AppHaaBBrtaatUi 1$ A>iguat20D3 

a dope reservoir 1 ; a pressare n^olalizig valve or pump means 2 vriuob <wimtft««%a a etmstaiit 
OHlpat pressure wntononaal opezaiiqg oonditioiis; a connecting pipe 3; and a spionmg die 
assembly 3 coo^nBing at W ono spinning tube or die winch is Mer described in Figures 
2 to ^. A tako^ dnm 5 of any known-consfroctiom dtevre (mt ^ 
mateiial at a constant tensimi exiting fiom fixe oaflet of iho die assemb^ 3 . The piessuK 
xBgulating valve cm: pnnq) means 2 mgy be any device nonnally pxDdudi^ a constent ptessure 
conmioniy known to a peisoa skilled in llie art 



The arrangemeait shown in Figme I is purely exemplary and additiomd oompoaents may be 
10 added desired. 

Poteniialinodifioations to lie acrangMnaiitdiown in Figure 1 will be appsnut to persons 
skiUcd in tiw art In use &e spinning solution is passed fnomi3i8&eds^ 1 ata 

constent lowpressore l^r means of the legulaiing valve orpnaq) means 2 via the eonaecting 
15 pipe 3 to fliB inlst of ^e spinning die assembly 4. The spimimg solnfion oompiises atleast a 
protein having at least a -GYG- motif which in its native state is part of a Loop sinictai« and 
is in an ^^gauche configuration. The -GYG- motif may be part of a -GGYGG- sequence in 
which one of the glycine molecules may be substituted by another amiiu) a<dd. twi^i^, of 
suoh'protdms incfaide spidmin and fibioixk 

20 

Tiie die assembly 4 is shown in greater d^ m Pigures 2 and 3 and comprises a first spimiing 
inba or die $ upstream of a eeccmd spimiing tube or die 12» the first die 8 and die second die 
12 togetiier defining a tnbuiar passage 1 7 for the spuming sohrtjon tinough the die assembly 4. 
The first die 8 and the second die 12 are made of semqjeamcable and/or porous maierial, as 
25 described previously, 



The die 8 is held at hs i^istream end by a tapered adcqptor 6 positioned atlhe mlet end of flie 
die assembly 4 and at its downstream end by a tapered adaptor 7 positioned intemaUy in tba 
die assanbly 4. The die 8 is heU at its iqjstream end by &B adaptor 7 and at its dovms^ 
30 end by a spigot 13 attiie ouflot of flic die assembly 4. Tbe die 8 has a conveigenti preferably 
hyperbolic, interna] passage and ilie geosnetdcal taper is prefbrabfy continued wifli the 
intemaa passage of the die 12. This canbe aohieved during construction by soflening a 
semipermeable tube or die on a warmed suitBibly tapered mandrel, or by othe? mediods as will 
bo apittBciated by a crewman skined hutha ari^ b^ne fitting the spinnmg tube or ffie into (he 



PaacrlL'13 
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apparatim. Thd intemaL passages of the fLrst die 8 azul tibe seoond die 12 xogeiihi^ provide the 
tubular pasd^ 1 7 for ifae apixming Bolution £rom fhe inlet to the outlet of the die asseanbly 4. 

Afir8tjadcefc9 Bmzoinids'&e&stdieSaa^ .. . . 

sahidoQ, gas or vapour to cquIxdI the processiDg conditioiis' within the first die 8. The first 
jacket 9 is fitted with an inlet 10 aad an outlet 11 tp oontiol flow of fluid into and out of the 
fixst jacket 9. A second jacket 14 sOTionnds the second dia 12 and 19 fitted wtih a fluid hilet 15 
and a finid Qndet 16 to mable fluid, e^. solvent^ solution or gas, to be passed into andout of 
fhe second jacket 14 in contact ^1h Ihe smqiennfiable^QfOUS wsdls of the second die 12, 

As an alterative tp the fizst die 8 shown having semqpenneable wtDs a die may be 
constmcted fiOM material which is not 9ciQipenneabIcbot which is poref^bly tq»eTedt e.£. 
oonvergeooiLy, and may be tcn^cratuie-conholled by carculaling fluid at a predeteanined 
temperature through Ihe fitst jacket 9. 



In operation fhe spinning solotion is fed to ihe udet of the die 8. As tbe spiimiqg soiotioin 
passes along the tabular passage 17 it Is treated firstly as it passes thcou^tfae die 8 and - 
secondly as it passses thrpngh <he die 12. The fluid passing flnoui^ the jacket 9 may merely 
serve to heat or maintain the spinning solution at the correct temperature or picmdo die 

20 conrect external picsswe to £hc walls of tihe fiist die 8. In Ihis case it is not essential for (he 
walls of fibe first die to be made of semipcnneable and/or material. The temperature of fhie' 
dies S and 12 fgr fbie extmsion of the spinning solution should typically be maintained at a 
tenq^emtttie of about 20°C but spinmx^ may be carried out at temperatnres as low as 2°C and 
as higji as 40''C. The pressure of the fluid, liquid or gas, in th© jackets 9 and 14 surrounding 

25 Ihe walls of the tubular passage 17 is typically maintained at a pressure dose to that at whioh 
the sp frmin g solution is supplied to fhe die assembly 4. However^ the pressure can be 
somewhat higher or lower depending on the geometry of the dies S and 12 and the strengOi of 
the genjerally fleidble ssmipenneable and/or porous membrane. '^Chemical" treatment of the 
dope occurs durii^ "draw down" as the spinning solution passes through tiie second die 12 

30 althou^ chesnxcal treatoient may also occur as the spinning solution passes through the first 
die 8 if the walls of the latter ard at least paxily made of semipe^ In Figures 2 

and 3, the abrupt pulling away of the spunung solution firom the walls of the second die 12 at 
12A indicates the internal draw down of the ''fibre''. 
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ThepulHug wvaxof ihe "fibre" fiomfhe walls of the second die at IZAoecms ataplacein 
liw second die 12 whw fiw force leqiriied to prodoo© eirt^ 

rarfiicejust fells below the fcicBraqirired to flow ihe 8!^^ I2m 
contoot with ihe ffic walls. The position of 12A wUl.depaid on: tiie dhaogiBg iheologieia 
propertieji of the spinning station; Hie zate and fbice of drawing; Hie sutfiiceimpeitiBs of the 
second die 12j the snifioc proparttesoftiiB lining offlie second die 12; imdfhe properties of 
the spinnins solution and ifas aqueous phase snnoimding the spinning solution. 



10 



It will be ^predated that the tenqjemtore. pK, osmotic potential, colloid osmotic potentiiO, 
solute conipgsitfon, ionic compoaiiion, hydiaslBtio pressure or oilier physical or dumical 
fectors of die solution, solveoii or vapour supplied to the jacket(B) comnl or regulate tiie 
conditions inside the tabular passage 37 as is connnonly nndnstood by a person skilled in the 
art caiemicals in the fhiid supplied to the jacketCs) are aWe to pass through the 
sexnipenneable and/or porous walls of ttie tubular passage to "treat" fiie sphnring stdntion 
1 5 passing therethrough. It Is also possible for dhemicals in the spuming solution to pass 
. outwardly ihrough Hi? semipennfiable and/or porous walls of tiie tobularpassage 17. The 
fluids suppUed to the spinning sotation will obviously depend on the type of ^tipniiig sohition 
used and the seQi4>ega]aeabl6 and/or ponms maabranes used. 



20 



25 



30 



In oao exen^le, ibr Uio spmning of concenttated protein solutions* the first jacket 9 may • 19 
contain 100 mMTtt. or PIPES bofifer solution, typically at a pH of 7 A and 400 mM sodium 
chlatidB to help mamtam tiie folded state of the protein. The second Jacket 14 may 
100 mM Tds or PIPES bufi^ solution at a lowerpH, typically 6 J, and 250 mM potassium 
eUorida to encowags the unibldmgAsfblding of fh© protein. 

More gencrany either one of the first Jacket 8 or Hie second jacket 14 could contain any 
sohition having wtai ions. prcfecaMy alkaE metal ions (such as liHdmn, sodium and 
potassium), or alkalinB eardi metal ions (such as magnesium or calcium) or tiansitiaa metals 
(i flc l ndf n g copper, zinc or iron). 

Hi^ molecular weight potyethylene gjyool can be added.to die sohition mbottflie igrst 
jacket 9 and the second jacket to maintain orreduce the concentration of water in ihe dope. 



15/08 2009 FBI 17:12 FAX +44 1423 $50803 WHITE m> ASSOCIATES -»-»^ UEFTO @017/023 



RBtNa.SKQ3A»5 l5AMBBtt200S 
AppHcaat. ^mo7t,Ud 

It will bo rcdised Ifaat tlia spinning tube or die 12 can be haoked or oofled or am^nged in odier 
ways betv^eeatiie tapered collar 7 and tbe spigot l3, Tha diameter and cross-sectioiial shape 
orilie exit 13 can be varied or Bc(iusted to suit fhe diameter and cross seotiotnal shape of ibe 
£>£Qied znatsorial, Por a fbnned product having a oiioiitar cross^sectiDSL, the typioal-dtanieter of. 

5 iheoiidetisfixmilto 100 I4m and the typical diameter ofthe inlet to the tubtz^ 

would be fiom 25 to 150 times greater than fhe outlet dieunetier depending on &e extent orihe 
extensional flow. It will be s^iprBdatBdlhtit flie airangements and proportions shown in Figure 
2 ate purely exempkiy and thus Hiat additional ccnqionents may be added if desiied. 
FoteiiiiBl modifications to the anangemnnfts shown in Figure 2 will be ^ypareint to persons 

10 skilled in the art 

The anangements and proportions shown in Figure 2 are purely exemplazy and thus 
additional con^iimts be added if desned, PoteidiBl modifioattons to the axiangemezits 
shown in Figure 2 will be apparent to peiwns dolled in the art, including tb^ 
IS fewer or more dies 12 or jackets 14. 

The penncabUity or porosity of file walls of the tubular passage 17 may be the same 
throughout the leogftn of the latter. Altemativelyj» however, if the tabular passage 17 pai^ses 
throu^ more fhan one treatment zone the permeabHity/^oroidty of the walls of liie tubular 

20 passage 17 may ohangc firom treatment zone to tceatznent zone by nsiog different 

semipermeable or porous matBriFils for the walls of the tabular passage 17. Thus the wbIIb of 
the tabular passage 17 may comprise: eemipemeable material of the same permeabiHty 
throughout the length of the tubular passage 1 7; sesmipenneable material of different 
peimeabilily &r dlf^ent poitioxts of the tubiilar passage 17; poiouB znaterial of Ifae same 

25 porosity throughout fhe length of the tubular passage 1 7; porous material of different porofiity 
fbr different portions of the tubular passage 17; or fiemipetmeable matBrial ftr one or more 
portions of the length of the tubular passage 17 and porous material for one or mote other 
portions of the tubular passage 17i As mentioned above, some portions of tiie walls of the 
tubular passage may be non-permoabte. By way of example only, suitable semipermeable 

30 materials are: cdDhdose derivatives, polytetraflnoroethylene, polysulfone, polyetfaylenoxide- « 
polysulfbne blmds, and eilicone polyaoylonittile blends. By way of example only, the 
suitable porous materials ace: polyaciylate^ poly (lactiKleco-glycoIlde), poions PTFE, porous 
sOicon, porous polyediylene, cellulose dczivativeB and cdutosan. 
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clahmds 

1. MeQipd for the selective assembfy of ptotems into a stmciims comprising: 
5 -a &5t step of the inqlwion of a liiBl partial ptotsm sequence -GYO- inio a ferther 

protean seqiimupe, the ftirther sequence fonning a loop stractoe in the native state, 
- a second step of thfi addition of mcrtal ions to thaeby fbnn the selective assembly. 



10 



IS 



20 



2. The method acooiding to claim 1, wherein the metal loofi are alkali ions. 

3. The method according to claim U wherein the metal ions are 
of metai ii;m9 consisting of lithium, sodium and potassium ions. 



4, Tlemethodaccordingto claim l.whfflteint^^ 



101X5, 



5. The mediod accoiding to claim 1, wherein the metal ions are selected fiom the group 
of metal ions coxtsifiting of magnesinm and calcium ions. 



6. The method according to dahn 1, whareia the mef^ ions are tiaasitian metal 



inns. 



7. The method accOTding to ckhnlj-whciiMn the n^ 

of tcanflitlon metal ions consisting of copper^ zmc and iron ions, 

S, The meftod of claim i.whotdn the firstpartialpr^ 
25 gauche confiinnatian. 

9, ThemethbdaccordingtQanyof1iieabov©clainis,wl^ 
ionisaadion state. 

30 10. Hie mefliod accdrfmg to any one of fte alxjve clafcns. wherem the firet ptotem partial 
sequence is a member of a s^Mnd partial jff^ 



# 
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IL The mefiiod aoooidmg to claim 10 innvfaich ond of fhe glycane znolecules tadie second 
partiolpiDtdn sequence is substituted with anotiber amizio acid, 

IZ The meffliod accordzu^ td Hay Qf tiie above claims, wbemem. Ifae first partial sequem^ is 
5 part of a fibzous pmteia. 

I3» The Tnefliod accoirdiqg to any one of liie above claims wherein llie fiistpaitiBlprotieiA 
sequedce h pmt of a protein selected from the group of proteins consisting of fibcoxn, 
fif>id£oin and fihronectm. 

10 

14. Use of a fiistpaiti^ protein sequence -OYG- as pait of a loop stmotute seqaeoce to 
setectively assemble aptotein into a stmoture oa introduction of metal ions, the metal 
i03ks being present in an aqueous medium. 

13 IS. Thou^M^ aeeoxdinglo claim 14, wherein the metal ions are potassmm ions. 

1 6 . The use aeoonling to claim 14^ wherem &e metal ions are heavy metal ions 

17. The use aecoirding to claim 14, wherein the metal ions are transition meital ions. 

20 

18« The use aoooxding to claim 1 4, whmin the metal ions are actinides. - '* 

19. The use acpprding to any one of claims 14 to 18, wherein ibs metal ions are in any 
ionisation state. 

25 

20. M&cromoleoular molecule mann&icxtiired using the method of one of clainus 1 to 13. 

2L A combination of a jnotein sohition of a protein having at least a -GYG- partial 
protein seqaeEQce and an apparatus for forming a selective assembly irom the protein 
30 solution, the appaiaias including at Irast one passage (17) though wbidi fiie protein 

solution is passed; at least cme compaxtment (9, 14) storing an ion solutum having 
metal ions; and a contaot area (12) in ^vviuch the protein solntLon and tise ion solution 
are bft>ugfat into contact to -Qxus fomi iiie selective assembly. 
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22. The combixutioii of claim 21, -nbtsr^ fbs at least one passage (17) is sepamtBd ftum 
the at Least one compaxtanent (9, 14) by awall made of semipenneAle otpotttva 
mateiiaL 

5 23. The combiiiatlon of claim 22, (jpufher baying at least two csompanmeias (9, 14) 
isolated ficoau each other, a first one of said campattmentB (9) sunouadiflg a first 
portion (S) of tiie wall and defining an inlet portion of at least one passage (17) and a 
secand one of said compartments (14) smrDundiiig a secondpottion (12) of said -wdl 
defining an outlet poxtion of Hie at least one passage (17). 

10 

24. The combination of any one of claims 21 to 23,; wherein each of said eou^tattinenia (9, 
14) has sxspphr and removal meam (10, 1 1; 15, 1 6) for sqjpl^ring ion solntianto, and 
removing ion solotioii from, the conqjaitmenL 

,15 25. The combination of any one of claimfi 21 to 24, chacacterised in that the cross- 

BBctional area of said inlet pcntion of tihte at least onepassage (17) inoieases towards 
file outlet partiba. 

26. The conibinatiaa of aiqr one of claims 21 to 24, wherein the crass-sBctionBl area of 
20 said intetpoztian of flie at least one passage (17) decreases towaids said ouflct portion. 

27. The combination of claim 26, wherein flxe diameter of libe i 
Bobstant^y towards die ondetportion. 

25 2S.ThBoonibinalionofanyoneofcIaunB2lto27ii*etefaithehmersuifecfflof8^^ 

walla of ifae at least one tubular passive (17) ate coated witii fiiotiaii xeduoine nwteriaL 

29. The eombinatiion of aigr one of claims 21 1n 28 wherein crmeentneaJly arrtmgPrl fc^^f 
means am positioned at tbe inlet end of fte at least one Aibular passage (17) to aiqjply 

30 said pfottin SOhilion to the passage (17). 

30. The combinatioin of any one of dahns 22 to 29 wherehi said seau|penneable and/or 
parous material comi»ises celhilose acetate-based matcdal, or sabstituted 
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31. The cainbination of any one of claims 22 tD ?9» said seanqsenaeable inftr*°^<*i 
and/or porous material compiis^liollovsr-fibte memboranes of polysulfon^, 

S polyetbylteeoxido-polysiilfone blendsp siliGone orpolyaoiyloititdld. 

32. The combiiifltioii of anyozie of claimA 2! to 31 fbrtbcar including supply means (2, 3) 
fi)r supplying protein solution to the at least one passage (1 7) and r^noval 

(5) Eor rexooviiig tho fbzm,ed matedal from the contact area. 

10 

33. The comlmiation of any one of claims 21 to 32, whciein the metal ions are aUcali metal 
ions. 



34. Tlie combination of any one of claims 21 to 32, herein the metal ions are alfcaliae 
15 eaith metal ions. 

35. The cambination of any one of claims 21 to 32, wherein the metal ions are selected 
firom the gxoup of transition metal ions conaistmg of copper, zinc and item ions. 

20 36. The combination of ar^ one of claima 21 to 35a wharehi the first pardal seguence.:r. 
GYG- is in an aD-gauche cozifbnnaiLon in the nati^ 

37. The c offlhinatiO n of anyone of claims 21 to 36^ herein the first particd sequence is a 
mtanbec of a second partial sequence -GGYGQ. 

25 

. 38* The comUnation of claim 37 in which one of the glydne molecules in the second 
partial sequence is substituted with ani\fh^ 

ammo acid. 

39. Hie combinstton of any one of claimfi 21 to 3S in which Uxo protein solution is a 
30 solution of a nbious protein. 
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